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(&&(96,*! 69! ,'H*!<('! ,C*! ,'3-9&(',!*kH6&4*-,!8'(H&!(<! 6-;H9,'6*9.!K*'43-!43-H<3+,H'6-8!J39!
<(H-;! ,(! *]&*'6*-+*! 3! 9HD9,3-,63I! ;*8'**! (<! 6-,*'%6-;H9,'E! *],*'-3I6,6*9! J6,C6-! -3,6(-3I!
6-;H9,'63I!+IH9,*'9X!39!J*II!39! ,(!D*!3!43)('!'*+*65*'!(<! 6-,*'-3,6(-3I! 6-,'3%6-;H9,'E!9&6II(5*'9!
<'(4!(,C*'!UH'(&*3-!+(H-,'6*9.!!
!
V(J*5*'X!*],*'-3I!*+(-(46*9!(<!9+3I*!:!'*83';I*99!(<!9(H'+*!:!3'*!+(-96;*'3DIE!I*99!&'*53I*-,!
,C3-!3'*!6-,*'-3I!*+(-(46*9!(<!9+3I*!3'696-8!<'(4!6-+'*396-8!'*,H'-9!3,!,C*!I*5*I!(<!,C*!-3,6(-3I!
6-;H9,'E! ('! <6'4.! BC69! 9H88*9,9! ,C3,! &(96,65*! *],*'-3I6,6*9! 3'*X! ,CH9X! I646,*;! 6-! '*3+C! 6-! 3!
8*(8'3&C6+3I!39!J*II!39!,*+C-(I(86+3I!9*-9*.!!
!
BC*!*56;*-+*!(-!D(,C!6-,*'-3I!3-;!*],*'-3I!*+(-(46*9!(<!9+3I*!9H&&(',9!,C*!56*J!,C3,!,C*'*!3'*!
968-6<6+3-,! ;6<<*'*-+*9! 3+'(99! 6-;H9,'6*9! 3-;! 6-;H9,'63I! +IH9,*'9! '*83';6-8! ,C*! I*5*I! 3,!JC6+C!
*+(-(46*9! (<! 9+3I*! 3'*! &'*9*-,l! ,C*6'!438-6,H;*l! 3-;! ,C*! 9(H'+*! (<! *+(-(46*9! (<! 9+3I*.! ?-!
8*-*'3IX!,C*!9&I6,,6-8!(<!6-;H9,'6*9!6-,(!8'(H&9!:!6-;H9,'63I!+IH9,*'9!:!3++(';6-8!,(!I6-738*9!3-;!
,*+C-(I(8EX!9**49!39!3!&'(4696-8!3&&'(3+CX! 6-! ,C*!9*-9*!,C3,! 6,!3II(J9!<('!4('*!6-968C,! 6-,(!
,C*!&'*53I*-+*!:!3-;!-3,H'*!:!(<!*],*'-3I6,6*9!3-;!*+(-(46*9!(<!9+3I*.!
!
!
!
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"+3I*! *+(-(46*9! 3-;!*],*'-3I6,6*9! 3'*! 399H4*;! ,(!D*! 64&(',3-,!;*,*'46-3-,9!(<!J*I<3'*!3-;!

*+(-(46+!8'(J,C.!T4(-8! ,C*!*]&I6+6,! 3'8H4*-,9! <('! <H',C*'!UH'(&*3-!*+(-(46+! 6-,*8'3,6(-!

3'*! ,C*! &(,*-,63I! 9+3I*! *+(-(46*9! 3-;! 388I(4*'3,6(-! *],*'-3I6,6*9! ,C3,! 6-,*8'3,6(-! 43E!

H-,3-8I*X!39!,C*E!3II(J!<('!6-+'*39*;!9&*+63I6i3,6(-!34(-8!,C*!UR!+(H-,'6*9.!BC*!836-9!,(!D*!

'*3&*;!<'(4!3-!6-,*8'3,6(-!&'(+*99!J6,C!'*9&*+,!,(!6-+'*39*;!*+(-(46*9!(<!9+3I*X!;(!C(J*5*'X!

;*&*-;! (-! &'(;H+,6(-! ,*+C-(I(8E! 3-;! ,C*! -3,H'*! 3-;! '*3+C! (<! &(96,65*! *],*'-3I6,6*9! <'(4!

*+(-(46+! 3+,656,E.! T'*! *],*'-3I6,6*9! 436-IE! 4*;63,*;! J6,C6-! ('! D*,J**-! 6-;H9,'6*9j! T'*!

*],*'-3I6,6*9!436-IE!6-,'3-3,6(-3I!('!6-,*'-3,6(-3Ij!BC*!3-9J*'9!,(!,C*9*!kH*9,6(-9!3'*!;*+6965*!

<('!,C*!64&3+,!*+(-(46+!6-,*8'3,6(-!J6II!C35*!(-!&'(;H+,6(-!&3,,*'-!3-;!*+(-(46+!8'(J,C.!

?-! ,C69!&3&*'!J*!3-3IE9*! 6-,*'-3I!3-;!*],*'-3I!*+(-(46*9!(<!9+3I*! >U("A! 6-!UH'(&*3-!

43-H<3+,H'6-8!6-;H9,'6*9.!V*-+*X!J*!<(+H9!(-!*+(-(46*9!(<!9+3I*!3,! ,C*!I*5*I!(<!3-!6-;H9,'E!

>6-,*'-3I!U("AX!I((7!3,!6-,*'%6-;H9,'E!*],*'-3I6,6*9!8*-*'3,6-8!*+(-(46*9!(<!9+3I*!3,!,C*!I*5*I!(<!

-3,6(-3I! 6-;H9,'63I! +IH9,*'9l! 3-;! +(-96;*'! 6-,*'-3,6(-3I! 6-,'3%6-;H9,'E! *],*'-3I6,6*9! D*,J**-!

UH'(&*3-! +(H-,'6*9.! BC69! 3II(J9! H9! ,(! *53IH3,*! ,C*! 64&(',3-+*! (<! 6-,*'-3I! 5*'9H9! *],*'-3I!

*+(-(46*9!(<!9+3I*X!3-;!,C*!64&(',3-+*!(<!6-,'3-3,6(-3I!6-,*'6-;H9,'E!*],*'-3I6,6*9!'*I3,65*!,(!

6-,*'-3,6(-3I!6-,'36-;H9,'E!*],*'-3I6,6*9.!

BC*!-3,H'*!3-;!'*3+C!(<!9+3I*!*+(-(46*9!3-;!*],*'-3I6,6*9!C35*!D**-!,C*!9HD)*+,!(<!3!

-H4D*'! (<! 9,H;6*9! ;H'6-8! ,C*! '*+*-,! E*3'9.! BC*'*! 3'*! 3! I3'8*! -H4D*'! (<! 9,H;6*9! (<! 7L=+

.C)AA*J%&.X/! JC6I*! +I(9*9,! 6-! 4*,C(;(I(8E! ,(! ,C*! &'*9*-,! J('7! 3'*! ,C*! +(-,'6DH,6(-9! DE!

G3D3II*'(!3-;!bE(-9! >/[[0X!/[[/X!3-;!/[[LA! ,C3,!3-3IE9*!'($)J)$KMN'.%B!*],*'-3I6,6*9!J6,C6-!

,C*!+(-,*],!(<!UR!3-;!R.".!43-H<3+,H'6-8.!V*-+*X!J*!9C3II!436-IE!'*<*'!,(!,C*!I3,,*'!9,H;6*9!

<('!+(4&3'69(-9.!
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?-! ,C*6'! UH'(&*3-! 9,H;6*9! G3D3II*'(! 3-;! bE(-9! I((7*;! 3,! *+(-(46*9! (<! 9+3I*! 6-! 3!

-H4D*'!(<! ,J(%;686,! 6-;H9,'6*9! 6-!<(H'!UR!+(H-,'6*9.!BC*E!;69,6-8H69C*;!D*,J**-!*+(-(46*9!

(<!9+3I*!,C3,!3'*!*],*'-3I!3-;!6-,*'-3I! ,(!3-!6-;H9,'E!:!,C*!<('4*'!3'696-8!<'(4!6-,*'%6-;H9,'E!

*],*'-3I6,6*9.! U56;*-+*! (<! *],*'-3I! *+(-(46*9! (<! 9+3I*! J39! <(H-;! 6-! 3II! <(H'! +(H-,'6*9X! DH,!

C3';IE! 3-E! 968-9! (<! 6-,*'-3I! *+(-(46*9! (<! 9+3I*.! Q-*! 43)('! +'6,6+694! 3836-9,! ,C*! 4*,C(;!

*4&I(E*;! DE! G3D3II*'(! 3-;! bE(-9X! ,C(H8CX! 69! ,C*! &(,*-,63I! D639! ,(J3';9! 6-+'*396-8! '*,H'-9!

'*9HI,6-8!<'(4!,C*!H9*!(<!53IH*!3;;*;!39!'*8'*993-;X!JC6+C!I*35*9!64&(',3-,!&'(;H+,6(-!<3+,('9!

39! &3',9! (<! ,C*! '*96;H3I! >9**!W39H! 3-;! $*'-3I;X! /[[gA.!T-3IE96-8! ,C*! 934*! 9*,! (<!UH'(&*3-!

+(H-,'6*9!3-;!6-;H9,'6*9!39!G3D3II*'(!3-;!bE(-9X!DH,!H96-8!8'(99!(H,&H,!6-9,*3;!(<!53IH*!3;;*;!

;3,3X!W39H! 3-;!$*'-3I;! '*&(',! I6,,I*! <6-;6-89!(<! *],*'-3I6,6*9! 3-;! 9,'(-8!*56;*-+*!(<! 6-,*'-3I!

*+(-(46*9!(<!9+3I*!D*6-8!+(-9,3-,.!!

V(J*5*'X! 3-3IE96-8! G3-3;63-! ;3,3! J6,C! 3!4*,C(;(I(8E! 9646I3'! ,(! ,C3,! (<! W39H! 3-;!

$*'-3I;X! W*-3''(+C! >/[[NA! <6-;9! *],*'-3I! *+(-(46*9! (<! 9+3I*.! U56;*-+*! (-! 3+,656,E! D39*;!

*],*'-3I6,6*9!69!3I9(!<(H-;!DE!W3',*I943-X!G3D3II*'(X!3-;!bE(-9!>/[[ZAX!JC(!H9*!8'(99!(H,&H,!

;3,3! <('! <(H'%;686,!R.".!43-H<3+,H'6-8! 6-;H9,'6*9.!^6,C! 3! ;69388'*83,*;! ;3,39*,! <('! 3! 9*,! (<!

+I(9*IE!I6-7*;!#('J*863-!43'6,64*!6-;H9,'6*9X!@6;*I<3',%d-3'567!3-;!",**-!>/[[[A!*],*-;!!,C*!

4*,C(;! 9H88*9,*;! DE! G3D3II*'(! 3-;! bE(-9X! 3-;! W39H! 3-;! $*'-3I;! <H',C*'.! WE! 6-+IH;6-8!

53'63DI*9! '*&'*9*-,6-8! ,*+C-(I(86+3I!;*5*I(&4*-,!3-;! ,'*-;9!+(44(-!,(! ,C*! 6-;H9,'6*9X! ,C*E!

9**7! ,(! ;69*-,3-8I*! +(44(-! DH96-*99! +E+I*9! <'(4! '*3I! *],*'-3I6,6*9.! @('*(5*'X! ,C*6'!

<('4HI3,6(-! 69!4('*!<I*]6DI*X!3-;!3II(J9!<('! ,*9,9!(<!*],*'-3I!*+(-(46*9!(<!9+3I*!3,!;6<<*'*-,!

I*5*I9.!BC*6'!'*9HI,9!6-;6+3,*!968-6<6+3-,!*],*'-3I!*+(-(46*9!(<!9+3I*!J6,C6-!9HD%+IH9,*'9!(<!,C*!

#('J*863-!43'6,64*!6-;H9,'6*9.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
/!"**!K'6I6+C*9!>/[[LA!3-;!@(C-*-!>/[[1A!<('!9H'5*E9!(<!,C69!I6,*'3,H'*.!!
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BC*! *4&6'6+3I! *56;*-+*! (-! *],*'-3I! 3-;! 6-,*'-3I! *+(-(46*9! (<! 9+3I*! 69X! ,CH9X!

+(-<I6+,6-8.! BC*! '*39(-! <('! ;6<<*'*-+*9! 6-! '*9HI,9! 43E! D*! *]&I36-*;! DE! ;6<<*'*-,! 4*,C(;9X!

;6<<*'*-,! 388'*83,6(-! I*5*I9! (<! ,C*! ;3,3! 9*,9X! ('! DE! '*86(-3IX! +(H-,'EX! 3-;! 6-;H9,'E%9&*+6<6+!

;6<<*'*-+*9!6-!*+(-(46*9!(<!9+3I*.!BC*!(D)*+,65*!(<!,C69!&3&*'!69!,(!3;;!,(!,C*!(-8(6-8!;*D3,*!

(-!*+(-(46*9!(<!9+3I*c!,C*6'!&'*9*-+*X!,C*6'!438-6,H;*X!3-;!9(H'+*9.!^6,C!3!+(-96;*'3DIE!4('*!

;69388'*83,*;!;3,3!9*,! ,C3-! ,C3,!(<!G3D3II*'(!3-;!bE(-9!>/[[0X!/[[/A!3-;!W39H!3-;!$*'-3I;!

>/[[gAX! J*! 3-3IE9*! *+(-(46*9! (<! 9+3I*! 6-! UH'(&*3-! 43-H<3+,H'6-8.! $(II(J6-8! W39H! 3-;!

$*'-3I;!J*!H9*!8'(99!(H,&H,!;3,3X!3-;!4('*(5*'!J*!364!3,!64&'(56-8!,C*!4*,C(;(I(8E!<H',C*'!

DE! 6-+IH;6-8! 3! '3-8*! (<! &3'34*,*'9! '*&'*9*-,6-8! 6-;H9,'EX! 6-;H9,'63I! +IH9,*'! 3-;! +(H-,'E!

9&*+6<6+! *<<*+,9.! ?-+IH;6-8! ,C*! I3,,*'! &3'34*,*'9! 3II(J9!H9! ,(! 9*&3'3,*! '*3I! *],*'-3I6,6*9! <'(4!

*<<*+,9!<'(4!+(44(-!DH96-*99!+E+I*9!6-!3!4('*!93,69<3+,('E!J3E.!!

QH'! ;3,39*,! +(5*'9! <6<,**-! ,C'**%! 3-;! <(H'%;686,! 43-H<3+,H'6-8! 6-;H9,'6*9! 6-! <(H'!

UH'(&*3-!+(H-,'6*9! >K*'43-EX!$'3-+*X! ,C*!R.d.X!3-;!?,3IEA!<('! ,C*!&*'6(;!/[N0!,(!/[[g.!^*!

8'(H&! ,C*! 6-;H9,'6*9! 6-,(!<(H'!+IH9,*'9!:!8'(H&9!(<!'*I3,*;!6-;H9,'6*9!:!3++(';6-8!,(!3&&3'*-,!

6-&H,%(H,&H,!3-;! ,*+C-(I(8E! I6-738*9c! ,*],6I*9!m!I*3,C*'X!43+C6-*'E!m!*I*+,'(-6+9X! ,'3-9&(',X!

3-;!C68C%,*+C!6-;H9,'6*9.L!^*!*9,643,*!/M!;6<<*'*-,!6-;H9,'E!9E9,*49!><(H'!6-;H9,'E!+IH9,*'9!6-!

*3+C! (<! ,C*! <(H'! +(H-,'6*9A! 6-+IH;6-8! 3! ,(,3I! (<! N0! 6-;H9,'E! *kH3,6(-9X! &'(56;6-8! H9! J6,C! 3!

+(-96;*'3DI*! 34(H-,!(<! +'(99%6-;H9,'E! 3-;!+'(99%+(H-,'E! 6-<('43,6(-!(-!*+(-(46*9!(<! 9+3I*!

3-;! &(996DI*! 9&6II(5*'9! J6,C6-! UH'(&*3-! 43-H<3+,H'6-8.! BC*! 4(;*I! J*! *4&I(E! 3II(J9! <('!

*9,643,6(-!(<!6-,*'-3I!*+(-(46*9!(<!9+3I*!3,!,C*!6-;H9,'E!I*5*IX!*],*'-3I!*+(-(46*9!(<!9+3I*!3,!

,C*!I*5*I!(<!,C*!6-;H9,'63I!+IH9,*'9X!3-;!+'(99%+(H-,'E!6-,'3%6-;H9,'E!*],*'-3I!*<<*+,9.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
L!BC*!C68C%,*+C!+IH9,*'!6-+IH;*9!,C*!*-,6'*!43+C6-*'E!m!*I*+,'(-6+9!+IH9,*'!3-;!,J(!(,C*'!6-;H9,'6*9.!"**!,C*!
3&&*-;6]!<('!;*,36I9!(-!6-;H9,'6*9!6-+IH;*;!6-!*3+C!(<!,C*!+IH9,*'9.!
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QH'!3-3IE969!9H88*9,9!,C3,!*],*'-3I!*+(-(46*9!(<!9+3I*!3'696-8!<'(4!6-,'3-3,6(-3I!6-,*'%

6-;H9,'E! ('! 6-,*'-3,6(-3I! 6-,'3%6-;H9,'E! *],*'-3I! *<<*+,9! 3'*! I*99! &'*53I*-,! 6-! UH'(&*3-!

43-H<3+,H'6-8!,C3-!3'*!*+(-(46*9!(<!9+3I*!3'696-8!<'(4!6-+'*396-8!'*,H'-9!3,!,C*!I*5*I!(<!,C*!

-3,6(-3I!6-;H9,'E!('!<6'4.!BC69!9H88*9,9!,C3,!&(96,65*!*],*'-3I6,6*9!3'*!I646,*;!6-!8*(8'3&C6+3I!

39! J*II! 39! ,*+C-(I(86+3I! '*3+CX! 6.*.! 3'*! &'*;(46-3-,IE! *-)(E*;! DE! <6'49! J6,C6-! ,C*! 934*!

-3,6(-3I! 6-;H9,'E.! ^*! <6-;! ,C3,! ;(4*9,6+! 6-,*'%6-;H9,'E! *],*'-3I6,6*9! ;(46-3,*! 6-,*'-3,6(-3I!

6-,'36-;H9,'E! *],*'-3I6,6*9! 6-! ,C*!C68C%,*+C! 6-;H9,'E!8'(H&X!JC6I*! ,C*!(&&(96,*! 69! ,'H*! <('! ,C*!

,'3-9&(',! *kH6&4*-,! 8'(H&! (<! 6-;H9,'6*9.! $6-3IIEX! K*'43-! 43-H<3+,H'6-8! J39! <(H-;! ,(!

*]&*'6*-+*! 3! 9HD9,3-,63I! ;*8'**! (<! 6-,*'%6-;H9,'E! *],*'-3I6,6*9! J6,C6-! -3,6(-3I! 6-;H9,'63I!

+IH9,*'9X!39!J*II!39!,(!D*!3!43)('!'*+*65*'!(<!6-,*'-3,6(-3I!6-,'3%6-;H9,'E!9&6II(5*'9!<'(4!(,C*'!

UH'(&*3-!+(H-,'6*9.!V*-+*X!(H'!'*9HI,9!H-;*'9+('*!,C*!<3+,X!JC6+C!C39!3I9(!D**-!*4&C396i*;!

DE! <('! 6-9,3-+*!@(C-*-! >/[[1A! 6-! C69! '*56*J! (<! ,C*! I6,*'3,H'*! (-!FmS! 9&6II(5*'9X! ,C3,! ,C*!

&'*53I*-+*X!3-;!438-6,H;*X!(<!*],*'-3I!*<<*+,9!3'*!6-;**;!+(H-,'E!39!J*II!39!6-;H9,'E!9&*+6<6+.!!
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^*!,*9,!<('!*+(-(46*9!(<!9+3I*!J('76-8!3,!;6<<*'*-,!I*5*I9c!>3A!3,!,C*!6-;H9,'E!I*5*Il!>DA!3,!,C*!

I*5*I! (<! -3,6(-3I! 6-;H9,'63I! +IH9,*'9! :! ;*<6-*;! DE! 3! 9*,! (<! '*I3,*;! 6-;H9,'6*9l! 3-;! >+A! 3,! ,C*!

,'3-9-3,6(-3I! I*5*I! (<! 3-! 6-;H9,'E.! ?-! (';*'! ,(! 3II(J! <('! 9H+C! 3! ,*9,X! J*! -**;! 3!4(;*I! ,C3,!

;69+'646-3,*9!D*,J**-!*+(-(46*9!(<!9+3I*!,C3,!3'*!6-,*'-3I!('!*],*'-3I!,(!3!-3,6(-3I!6-;H9,'E.!!

S'3J6-8! (-! ,C*! J('7! (<! G3D3II*'(! 3-;! bE(-9! >/[[0AX! 3-;! W39H! 3-;! $*'-3I;! >/[[gA! ,C*!

&'(;H+,6(-!<H-+,6(-!69!865*-!DE!!

( )O4<P;8Q XXXX= X!! ! ! ! ! >/A!

JC*'*!(H,&H,!>QA!6-!3-!6-;H9,'E!69!;*<6-*;!39!3!<H-+,6(-!(<!,C*!6-&H,9!I3D(H'!>;AX!+3&6,3I!>PAX!!

6-,*'4*;63,*9!><AX!,C*!9,3,*!(<!,*+C-(I(8E!>OAX!39!J*II!39!3+,656,E!D39*;!*],*'-3I6,6*9!>4AX!,C3,!
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9&6II!(5*'!<'(4!-3,6(-3I!3-;!<('*68-!<6'49.!#(,*!,C3,!3+,656,E!D39*;!*],*'-3I6,6*9!43E!6-+IH;*!

&H'*!39!J*II!39!&*+H-63'E!*],*'-3I6,6*9!>9**!K'6I6+C*9X!/[[Ll!3-;!"+6,(597EX!/[gZA.!^*!;(!-(,!

437*!3-E!3,,*4&,!C*'*!,(!9*&3'3,*!D*,J**-!,C*!,J(!,E&*9X!96-+*!,C69!69!9*+(-;3'E!,(!,C*!&'*9*-,!

<(+H9.!
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*56;*-+*! ,C3,! 6-,*'-3I! '*,H'-9! 3'*! 3&&'(]643,*IE! +(-9,3-,.! ^*! 3'*! I*<,! J6,C! 3! &6+,H'*! (<! 3!

UH'(&*3-!43-H<3+,H'6-8! 9*+,('! ,C3,! 69! +C3'3+,*'69*;! DE! *99*-,63IIE! +(-9,3-,! '*,H'-9! ,(! 9+3I*!

3-;!-(!9C(',%'H-!9&6II(5*'9.!!

! V(J!'(DH9,! 69! ,C69!&6+,H'*!,(!,C*!I*5*I!(<!6-;H9,'63I!388'*83,6(-!H9*;!6-!,C*!*4&6'6+3I!

3-3IE9*9j! BC69! 69! (-*! (<! ,C*! 436-! kH*9,6(-9! 3;;'*99*;! C*'*.! ?,! 69! J6;*IE! D*I6*5*;! ,C3,!

*],*'-3I6,6*9!43E!D*!I646,*;!6-!'*3+C!:!6.*.!436-IE!3++'H*!,(!9646I3'!3+,656,6*9!:!6-!JC6+C!+39*!

,C*! I*5*I!(<!388'*83,6(-! 69!*99*-,63I! ,(!*4&6'6+3I!3-3IE9*9!(<!*+(-(46*9!(<!9+3I*.!V*-+*X!J*!

&'(+**;!DE!9,H;E6-8!*+(-(46*9!(<!9+3I*!6-!UH'(&*!3,!3!+(-96;*'3DIE!4('*!;69388'*83,*;!I*5*I!

,C3-!JC3,!C39!D**-!;(-*!6-!&'*56(H9!J('7X!3-;!*]346-*!,C*!64&3+,!,C69!C39!(-!,C*!*4&6'6+3I!

*56;*-+*.!

^*! <(+H9! (-! <(H'! 8'(H&9! (<! '*I3,*;! 6-;H9,'6*9X! *4&I(E6-8! ,C'**! ;686,!43-H<3+,H'6-8!

;3,3X!J6,C! ,C*! ,64*!&*'6(;! 9,'*,+C6-8! <'(4!/[N0! ,(!/[[g.!S*,36I9!(-!;3,3! 3-;! 6-;H9,'6*9! 3'*!

865*-! 6-! ,C*! 3&&*-;6].! BC*! 6-;H9,'E! 8'(H&9! J*'*! ;*9+'6D*;! 6-! ,C*! &'*56(H9! 9*+,6(-X! 3-;!

6-+IH;*c!B*],6I*9!3-;!I*3,C*'X!@3+C6-*'E!3-;!*I*+,'(-6+9X!B'3-9&(',!*kH6&4*-,X!3-;!V68C%,*+C.!

!

!



!

/P!

RA*! L0;39067!&./0/1234!/5!4.673!

F*9HI,9!(-!6-,*'-3I!*+(-(46*9!(<!9+3I*!3'*!'*&(',*;!DE!6-;H9,'E!3-;!+(H-,'E!6-!B3DI*9!/3!:!/;.!

?-!4('*! ,C3-! g0x! (<! ,C*! +39*9! ,C*! &(6-,! *9,643,*! (<! γ ! 69! 968-6<6+3-,IE! 8'*3,*'! ,C3-! (-*! :!

'*<I*+,6-8!6-+'*396-8!'*,H'-9!,(!9+3I*!3,!,C*!6-;H9,'E!I*5*I!3-;O('!<6'4!I*5*I.M!G(4&3'*;!,(!,C*!

*]69,6-8! *56;*-+*! (-! 6-,*'-3I! *+(-(46*9! (<! 9+3I*! 6-!UH'(&*X! (H'! <6-;6-89! 6IIH9,'3,*! ,C3,! (-*!

9C(HI;! D*! +3'*<HI!JC*-!;'3J6-8!8*-*'3I! +(-+IH96(-9!J6,C! '*9&*+,! ,(! *+(-(46*9!(<! 9+3I*X! 39!

,C*9*!3'*!C68CIE!9*-96,65*!,(!I*5*I!(<!6-;H9,'63I!388'*83,6(-.!!

!

"#$%&'(!)$*!)%*!)+*!$,-!)-*!$../0123$4'&5!6'/'7!

!

T'*!,C*'*!;6<<*'*-+*9!3+'(99!+(H-,'6*9!J6,C!'*9&*+,!,(!<6-;6-89!(-!6-+'*396-8!'*,H'-9!,(!9+3I*j!

?<!J*!J*'*!,(!H9*!46+'(!><6'4A!;3,3X!J*!J(HI;!'+C&)*&)!-(,!*]&*+,!,(!9**!43)('!;6<<*'*-+*9!6-!

6-,*'-3I! *+(-(46*9! (<! 9+3I*! 3+'(99!UR! +(H-,'6*9! :! D39*;! (-! ,C*! &'*9H4&,6(-! ,C3,! ,C*'*! 3'*!

46-('! ,*+C-(I(8E! ;6<<*'*-+*9! D*,J**-! ,C*9*! +(H-,'6*9.! V(J*5*'X! 39! J*! 3'*! *4&I(E6-8!

6-;H9,'E!;3,3X!53'63,6(-!6-!6-,*'-3I!*+(-(46*9!(<!9+3I*!3+'(99!+(H-,'6*9!43E!)H9,!39!J*II!'*<I*+,!

,C3,!J6,C6-!9(4*!-3,6(-3I!6-;H9,'6*9!,C*'*!3'*!4('*!&(96,65*!*],*'-3I6,6*9!D*6-8!8*-*'3,*;!,C3-!

6-!(,C*'9.!BC69!43E!<('!6-9,3-+*!'*IE!(-!;6<<*'*-+*9!6-!C(J!<6'49!J6,C6-!3-!6-;H9,'E!6-,*'3+,X!

3-;!C(J!+I(9*IE!,C*E!3'*!+(--*+,*;!,C'(H8C!;6<<*'*-,!+C3--*I9.!?-,*'-3I!*+(-(46*9!(<!9+3I*!3'*!

<(H-;! ,(!D*!*9&*+63IIE!9,'(-8!6-!$'*-+C!43-H<3+,H'6-8X!3-;!3I9(!&'*9*-,! 6-!kH6,*!3!<*J!R.d.!

43-H<3+,H'6-8! 6-;H9,'6*9.! BC69!43E! 9H88*9,! 3! 8'*3,*'! *],*-,! (<! I(+3I6i*;! 6-,*'%<6'4!&(96,65*!

*],*'-3I6,6*9! 6-!,C*9*!+(H-,'6*9!'*I3,65*!,(!(,C*'!UR!+(H-,'6*9.!$'3-+*!9*&3'3,*9!<'(4!,C*!'*9,!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
M!T+,H3IIEX!39!43-E!39!ZP!(H,!(<!Z1!6-;H9,'E!*9,643,*9!3'*!I3'8*'!,C*-!/X!3-;!LM!(<!,C*9*!968-6<6+3-,IE!I3'8*'!,C*-!
/.!



!

/Z!

*9&*+63IIE! J6,C! '*9&*+,! ,(! ,C*!^*3'6-8! 3&&3'*IX! F3;6(X! By!m! +(44H-6+3,6(-X! 3-;!T6'+'3<,!

6-;H9,'6*9.!

G(4&3'6-8!;6<<*'*-,!E&*HC.!(<!6-;H9,'6*9X!J*!<6-;!,C3,!6-+'*396-8!'*,H'-9!3'*!*9&*+63IIE!

&'*53I*-,! 6-! ,C*! ,*],6I*!m! I*3,C*'! 8'(H&X! 39!J*II! 39! 6-! ,'3-9&(',! 6-;H9,'6*9.! ?-! ,C*! ,*],6I*!m!

I*3,C*'!8'(H&!J*!<6-;!968-6<6+3-,!6-+'*396-8!'*,H'-9!6-!gMx!(<!,C*!+39*9l![!(H,!(<!/MX!JC*'*39!

6-!,C*!,'3-9&(',!6-;H9,'6*9!,C*!<68H'*!69!MZx!J6,C!968-6<6+3-,!6-+'*396-8!6-,*'-3I!'*,H'-9!6-!/Z!

(H,! (<! LL! +39*9.! Q-IE! (-*! ,C6';! (<! ,C*! 6-;H9,'6*9! J6,C6-! ,C*! ,J(! (,C*'! 8'(H&9! *]C6D6,*;!

6-+'*396-8! '*,H'-9! ,(! 9+3I*.! BC*! H9*! (<! 6-;H9,'E! 3-;! -(,! <6'4! ;3,3! 4*3-9! ,C3,! <6-;6-89! (-!

6-,*'-3I!*+(-(46*9!(<!9+3I*!43E!'*<I*+,!*+(-(46*9!(<!9+3I*!3,!,C*!<6'4!3-;O('!6-;H9,'E!I*5*IX!('!

4*'*IE!D*!;H*!,(!*-,'E!3-;!*]6,.!!WH,!,C*!'*56*J!(<!6-<('43,6(-!(-!'*,H'-9!,(!9+3I*!<'(4!(,C*'!

9,H;6*9! ;(*9X! -*5*',C*I*99X! 3II(J! <('! 3! 4('*! &'*+69*! 6-,*'&'*,3,6(-! (<! (H'! '*9HI,9.! a'3,,*-!

>/[11A! &'(56;*9! *9,643,*9! (<! '*,H'-9! ,(! 9+3I*! 3,! ,C*! <6'4! I*5*I.! T++(';6-8! ,(! C69! '3-76-89X!

,*],6I*!3-;!I*3,C*'!<6'49`!,*+C-(I(8E!69!+C3'3+,*'69*;!DE!'3,C*'!943II!'*,H'-9!,(!9+3I*X!JC*'*39!

,'3-9&(',!6-;H9,'6*9!,E&6+3IIE!'3-7!5*'E!C68C!6-!,*'49!(<!6-+'*396-8!'*,H'-9!6-!&'(;H+,6(-.!BC69!

9H88*9,9! ,C3,! ,C*!<6-;6-89!(-!C68C!6-,*'-3I!*+(-(46*9!(<!9+3I*!3,! ,C*!6-;H9,'E!I*5*I! 6-!,*],6I*!

3-;!I*3,C*'!6-;H9,'6*9!3'*!4('*!I67*IE!,(!'*<I*+,!*+(-(46*9!(<!9+3I*!*],*'-3I!,(!,C*!<6'4!:!DH,!

6-,*'-3I! ,(! ,C*! 6-;H9,'E.! ?-! +(-,'39,X! 968-6<6+3-,! 6-,*'-3I! *+(-(46*9! (<! 9+3I*! 6-! ,'3-9&(',!

6-;H9,'6*9! 43E! '*<I*+,! *+(-(46*9! (<! 9+3I*! 3,! ,C*! <6'4! 39! J*II! 39! 3,! ,C*! 6-;H9,'E! I*5*IX! ('!

&(996DIE!)H9,!3,!,C*!<6'4!I*5*I.!!

!

RAO! &S;39067!3./0/1234!/5!4.673!20!20>84;9267!.784;394K!L0;39T20>84;9@!3S;390672;234!

^*! -*],! I((7! 3,! 6-,*'%6-;H9,'E! *],*'-3I6,6*9! J6,C6-! -3,6(-3I! 6-;H9,'63I! +IH9,*'9! (<! '*I3,*;!

6-;H9,'6*9.!BC*!*56;*-+*!(-!*],*'-3I!*+(-(46*9!(<!9+3I*!69!46]*;c!3&&'(]643,*IE!C3I<!(<! ,C*!

*9,643,*9!3'*!&(96,65*X!9H88*9,6-8! 6-+'*396-8!'*,H'-9!*],*'-3I! ,(!,C*!6-;H9,'6*9!DH,! 6-,*'-3I! ,(!



!

/g!

,C*! 6-;H9,'63I! +IH9,*'9.! V(J*5*'X! (-IE! /M! (H,! (<! 3! ,(,3I! (<! N0! *9,643,*9! 3'*! .)E#)F)('#$AK!

&(96,65*!3,!3!/0x!I*5*I.!BC*!'*9HI,9!3'*!&'*9*-,*;!6-!B3DI*9!L3!,(!L;.!

!

"#$%&'(!8$*!8%*!8+*!$,-!8-*!$../0123$4'&5!6'/'7!

!

BC*'*!3'*!'3,C*'!;69,6-+,!;6<<*'*-+*9!3+'(99!+(H-,'6*9!3-;!6-;H9,'6*9.!?-,*'%6-;H9,'E!*],*'-3I6,6*9!

:!8*-*'3,6-8!*+(-(46*9!(<!9+3I*!3,!,C*!I*5*I!(<!-3,6(-3I!6-;H9,'63I!+IH9,*'9!:!3'*!4('*!&'*53I*-,!

6-!K*'43-E!,C3-!6-!$'3-+*X!?,3IE!3-;!,C*!R.d.!?-!K*'43-E!J*!<6-;!6-;6+3,6(-!(<!*],*'-3I6,6*9!

6-! ,J(! ,C6';9! (<! ,C*! +39*9X! 3-;! N! (H,! (<! /L! +39*9! 3'*! 968-6<6+3-,! 3,! 3! gx! I*5*I.! B3DI*! L*!

<H',C*'4('*! '*5*3I9! ,C*! *],*-,! ,(! JC6+C! ,C*'*! 3'*! 9E9,*43,6+! ;6<<*'*-+*9! 3+'(99! 8'(H&9! (<!

6-;H9,'6*9.! ?,! &'(56;*9! 3! 9H443'E!(<! *9,643,*;!&3'34*,*'! 968-9! 3-;! 968-6<6+3-+*! I*5*I9.!BC*!

C68C%,*+C! +IH9,*'! '3-79! -H4D*'! (-*! 6-! ,*'49! (<! &'*53I*-+*! (<! 6-,*'%6-;H9,'E! *],*'-3I6,6*9.!

V(J*5*'X!*5*-!C*'*X!(-IE!L0x!(<!,C*!+39*9!6-;6+3,*!968-6<6+3-,!&(96,65*!*],*'-3I6,6*9.!B*],6I*!

3-;!I*3,C*'!'3-7!-H4D*'!,J(X!DH,!J*!-(,*!,C3,!,C*!438-6,H;*!(<!,C*!*9,643,*;!+(*<<6+6*-,9!69!

+(-96;*'3DIE! I*99! ,C3-! 6-! ,C*! C68C%,*+C! 8'(H&.! T-(,C*'! 6-,*'*9,6-8! <*3,H'*! 69! ,C3,! 6-! ,C*!

43+C6-*'E! m! *I*+,'(-6+9! 8'(H&! /β 69! *6,C*'! &(96,65*! ('! i*'(.! #(! /β `9! 3'*! <(H-;! ,(! D*!

968-6<6+3-,IE! -*83,65*.!^6,C6-! ,C*! ,'3-9&(',! *kH6&4*-,! +IH9,*'!J*! <6-;! ,C*! I*39,! *56;*-+*! (<!

&(96,65*!6-,*'%6-;H9,'E!*],*'-3I6,6*9X!3-;!4('*!968-6<6+3-,IE!-*83,65*!,C3-!968-6<6+3-,IE!&(96,65*!

/β `9.!!

!

"#$%&'!8'!$../0123$4'&5!6'/'7!

!

BC*!4(9,!(H,9,3-;6-8!6-;H9,'E!JC*-!6,!+(4*9!,(!*-)(E6-8!*],*'-3I6,6*9!<'(4!(,C*'!6-;H9,'6*9X!

69!F3;6(X!By!m!G(44H-6+3,6(-!UkH6&4*-,!>P1PLA.!?-!,C*!C68C%,*+C!9E9,*4!>B3DI*!L;X!9*+(-;!



!

/M!

'(JA!3II! /β `9!3'*!&(96,65*!3-;!,J(!(<!,C*4!968-6<6+3-,.!BC*!934*!&3,,*'-X!DH,!I*99!968-6<6+3-,X!

+3-!D*!9**-!6-!,C*!43+C6-*'E!m!*I*+,'(-6+9!9E9,*4!>B3DI*!LDX!9*+(-;!'(JAX!JC*'*!P!(H,!(<!Z!

/β `9!3'*!&(96,65*.!

G(4&3'6-8! ,C*! '*9HI,9! (-! *],*'-3I! *+(-(46*9! (<! 9+3I*! 3'696-8! <'(4! -3,6(-3I! 6-,*'%

6-;H9,'E! *],*'-3I6,6*9! J6,C! ,C(9*! (-! 6-,*'-3I! *+(-(46*9! (<! 9+3I*X! J*! (D9*'5*! ,C3,! 6-! 4(9,!

6-;H9,'6*9! 3-;! +(H-,'6*9! ,C*'*! 69!4('*! *56;*-+*! (-! *+(-(46*9! (<! 9+3I*! 3,! ,C*! 6-;H9,'E! I*5*I!

,C3-!3,!,C*!I*5*I!(<!,C*!6-;H9,'63I!+IH9,*'.!BC*'*!3'*!,J(!-(,3DI*!*]+*&,6(-9c!,C*!F3;6(X!By!3-;!

+(44H-6+3,6(-! 6-;H9,'E! ;69,6-8H69C*9! 6,9*I<! <'(4! (,C*'! 6-;H9,'6*9X! 3-;! K*'43-E! 9*&3'3,*9!

<'(4! (,C*'! +(H-,'6*9.! BC*! +(4D6-*;! *56;*-+*! (-! 6-,*'-3I! 3-;! *],*'-3I! *+(-(46*9! (<! 9+3I*!

9H88*9,9! ,C3,! 6-! ,C*9*!+39*9! 6-,*'%6-;H9,'E!*],*'-3I6,6*9!43E!D*!3,! I*39,!39! 64&(',3-,!39! 6-,'3%

6-;H9,'E!*],*'-3I6,6*9!,(!<6'49.!

!

RAR! L0;3906;2/067!3S;39067!3./0/1234!/5!4.673K!J9/44T./80;9@!3S;390672;234!

BH'-6-8! ,(! 6-,*'-3,6(-3I! 6-,'3%6-;H9,'E! *],*'-3I6,6*9! 6-! UH'(&*3-! 43-H<3+,H'6-8! ,C*! (5*'3II!

&6+,H'*!69!3I9(!46]*;X!J6,C!D(,C!-*83,65*!3-;!&(96,65*X!6-968-6<6+3-,!3-;!968-6<6+3-,!*9,643,*9.!

BC*!&*'+*-,38*!(<!&3'34*,*'!*9,643,*9!,C3,!69!968-6<6+3-,IE!&(96,65*!69!3I4(9,!,C*!934*!39!JC3,!

J*! '*&(',*;! <('! -3,6(-3I! 6-,*'%6-;H9,'E! *],*'-3I6,6*9.! B3DI*9! P3X! PDX! P+! 3-;! P;! '*&(',! +'(99!

+(H-,'E! *<<*+,9! <('! 6-;H9,'6*9!J6,C6-! ,C*! '*9&*+,65*! 6-;H9,'63I! +IH9,*'X! 3-;! 9C(HI;! D*! '*3;! 39!

<(II(J9c! ,C*! 9(H'+*! (<! +'(99! +(H-,'E! *],*'-3I6,6*9! 69! <(H-;! 6-! ,C*! '(J9X! JC6I*! '*+*656-8!

+(H-,'6*9!3'*!(';*'*;!DE!+(IH4-.!!

!

"#$%&'(!9$*!9%*!9+*!$,-!9-*!$../0123$4'&5!6'/'7!

!



!

/N!

T836-X!6,!69!6-9,'H+,65*!,(!+(-96;*'!6-;656;H3I!+(H-,'6*9!3-;!6-;H9,'6*9.!^C6I*!*]346-6-8!6-,'3%

-3,6(-3IX!6-,*'%6-;H9,'E!*],*'-3I6,6*9!6-!,C*!&'*+*;6-8!9HD9*+,6(-X!J*!<(H-;!,C3,!(-*!+(H-,'E!:!

K*'43-E!:!;(46-3,*;!,C*!&6+,H'*.!TI9(!6-!,C*!+(-,*],!(<!6-,*'-3,6(-3IX!6-,'3%6-;H9,'E!*<<*+,9X!

K*'43-E!9,3-;9!(H,.!K*'43-! 6-;H9,'E!;(46-3,*9!39!3! '*+*65*'!(<!&(96,65*!*],*'-3I6,6*9! <'(4!

(,C*'!UR!+(H-,'6*9.!V(J*5*'X!JC*-!6,!+(4*9!,(!8*-*'3,6-8!6-,*'-3,6(-3I!&(96,65*!*],*'-3I6,6*9!

,C3,! D*-*<6,! ,C*! '*9,! (<! ,C*!URX!K*'43-E! 69! -(,! <(H-;! ,(! D*! 3! &3',6+HI3'IE! 64&(',3-,! 9(H'+*!

+(H-,'E.!

!

"#$%&'(!9'!$../0123$4'&5!6'/'7!

!

?-! B3DI*! P*! J*! C35*! 9H443'69*;! ,C*! +'(99%+(H-,'E! *<<*+,9! 6-! (';*'! ,(! '*5*3I! ;69,6-+,!

;6<<*'*-+*9! 3+'(99! 6-;H9,'E! 8'(H&9.! BC*! ,'3-9&(',! *kH6&4*-,! 6-;H9,'6*9! C35*! ,C*! C68C*9,!

'*I3,65*!-H4D*'!(<!&(96,65*!*],*'-3I6,E!&3'34*,*'9!JC*-!I((76-8!3,!6-,*'-3,6(-3I!6-,'36-;H9,'E!

*<<*+,9.! T-(,C*'! 6-,*'*9,6-8! <*3,H'*! 69! ,C3,! ,C*! ,'3-9&(',! *kH6&4*-,! +IH9,*'9! 9**4! ,(! D*!

+C3'3+,*'69*;! DE! '*I3,65*IE! 4('*! 6-,*'-3,6(-3I! 6-,'36-;H9,'E! ,C3-! ;(4*9,6+! 6-,*'6-;H9,'E!

*],*'-3I6,6*9.!?-!,C69!9*-9*X! ,C69! 6-;H9,'E!8'(H&!;69,6-8H69C*9!6,9*I<!<'(4!,C*!,*],6I*!m!I*3,C*'X!

43+C6-*'E! m! *I*+,'(-6+9X! 3-;! C68C%,*+C! 6-;H9,'6*9X! JC*'*! &(96,65*! ;(4*9,6+! 6-,*'%6-;H9,'E!

*],*'-3I6,6*9!3&&*3'!4('*!&'*53I*-,!,C3-!&(96,65*!6-,*'-3,6(-3I!6-,'36-;H9,'E!*],*'-3I6,6*9!>9**!

B3DI*9!L*!3-;!P*A.!

BC*!*56;*-+*!(-!D(,C!-*83,65*!3-;!&(96,65*!6-,*'-3,6(-3I!*],*'-3I!*<<*+,9!6-!UH'(&*3-!

43-H<3+,H'6-8! 9H88*9,9! ,C3,! ,(! ,C*! *],*-,! ,C3,! ,C*'*! 3'*! 968-6<6+3-,! +'(99%+(H-,'E! *<<*+,9X!

+(4&*,6,6(-! *<<*+,9! 3'*! )H9,! 39! 64&(',3-,! 39! &(96,65*! *],*'-3I! *<<*+,9.! BC*! ;3,3! I*-;! 9(4*!

9H&&(',! ,(! 3! +C3'3+,*'693,6(-! (<! 6-;H9,'63I! 8'(H&9! 3++(';6-8! ,(! &(96,65*! 3-;! -*83,65*! +'(99%
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+(H-,'E!*<<*+,9X!3-;!&3',6+HI3'IE!6-!,C*!,*],6I*9!3-;!I*3,C*'!6-;H9,'6*9!+(4&*,6,6(-!*<<*+,9!9**4!

,(!;(46-3,*.N!!

R96-8! 3! +(-9,'36-*;! 4(;*I! J6,C! &3'34*,*'! *9,643,*9! '*9,'6+,*;! ,(! D*! *kH3I! 3+'(99!

6-;H9,'6*9!3-;!+(H-,'6*9X!G3D3II*'(!3-;!bE(-9!>/[[/A!<(H-;!&(96,65*!:!DH,!6-968-6<6+3-,!:!+'(99!

+(H-,'E!*],*'-3I!*<<*+,9.!QH'!'*9HI,9!3'*!9(4*JC3,!4('*!*-+(H'386-8.!^C*-!*4&I(E6-8!4('*!

;69388'*83,*;! 6-;H9,'E! ;3,3! J*! <6-;! 968-9! (<! +'(99%+(H-,'E! *<<*+,9! :! *9&*+63IIE! J6,C6-! ,C*!

,'3-9&(',!*kH6&4*-,!6-;H9,'6*9.!

B(! *-9H'*! '(DH9,-*99! (<! (H'!4(;*I! 3836-9,! &(996DI*! *]69,*-+*! (<! 3H,(+(''*I3,6(-X!J*!

+3''6*;!(H,!b)H-8%W(]!,*9,9!<('!3H,(+(''*I3,6(-!>b)H-8!3-;!W(]X!/[N[A.!^*!C35*!3!,(,3I!(<!/M!

"RFU!9E9,*49!J6,C!3I,(8*,C*'!N0!*kH3,6(-9.!^*!C35*!H-;*',37*-!,*9,9!<('!3II!,C*!*kH3,6(-9X!

3-;!+(HI;!'*)*+,!3H,(+(''*I3,6(-!6-!M1!(<!,C*!+39*9.1!
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QH'!*4&6'6+3I!3-3IE969!(<!*+(-(46*9!(<!9+3I*!6-!UH'(&*3-!43-H<3+,H'6-8!9C(J9!,C3,!&'*56(H9!

'*9HI,9!(-!*+(-(46*9!(<!9+3I*!3-;!9C(',!'H-!3+,656,E!D39*;!9&6II(5*'9!3'*!-(,!'(DH9,!,(!I*5*I!(<!

6-;H9,'63I! 388'*83,6(-! :! 3-;! H-;*'I6-*9! ,C*! 64&(',3-+*! (<! H96-8! ;69388'*83,*;! ;3,3! JC*-!

6-5*9,683,6-8!*],*'-3I6,6*9!*4&6'6+3IIE.!

BC*!'*&(',*;!*56;*-+*!(-!*],*'-3I6,6*9! 6-!UR!43-H<3+,H'6-8!9H88*9,9!,C3,!(-!35*'38*!

;(4*9,6+! 6-,*'6-;H9,'E! &(96,65*! *],*'-3I6,6*9! 3'*! (<! 9646I3'! 64&(',3-+*! 39! 3'*! 6-,*'-3,6(-3I!

6-,'36-;H9,'E! &(96,65*! *],*'-3I6,6*9.! #*5*',C*I*99X! J*! -(,*! ,C3,! ;(4*9,6+! 6-,*'%6-;H9,'E!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
N!BC69!<6-;6-8!43,+C*9!,C3,!(<!@6;*I<3',%d-3'567!%$+'AT+>L000AX!JC(!9,3,*!,C3,!,*],6I*!3-;!I*3,C*'!'*&'*9*-,!9I(J!
8'(J6-8!6-;H9,'6*9X!JC*'*!,C*'*!C39!D**-!3-!*],*-965*!34(H-,!(<!'*I(+3,6(-!3+'(99!UH'(&*3-!D(';*'9!(5*'!,C*!I39,!
;*+3;*9.!
1!BC*!b)H-8%W(]!,*9,!<('!3H,(+(''*I3,6(-!J39!&*'<('4*;!3,!;6<<*'*-,!I38!I*5*I9!3++(';6-8!,(!"BTBT`9!3H,(43,6+!
I38!;*,*'46-6-8!3I8('6,C4.!^*!3I9(!<6]*;!,C*!I38!I*-8,C!,(!(-*!3-;!,J(!I389!><6'9,!3-;!9*+(-;!(';*'!
3H,(+(''*I3,6(-AX!(-IE!3!<*J!4('*!*kH3,6(-9!9C(J*;!3H,(+(''*I3,6(-.!V(J*5*'X!J*!+(HI;!'*)*+,!3H,(+(''*I3,6(-!3,!
3!/x!3-;!L.gx!968-6<6+3-+*!I*5*I!6-!4(9,!(<!,C*9*!s*],'3t!+39*9.!!!
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*],*'-3I6,6*9!;(46-3,*!6-,*'-3,6(-3I!6-,'36-;H9,'E!*],*'-3I6,6*9!6-!,C*!C68C%,*+C!6-;H9,'E!8'(H&X!

JC6I*! ,C*! (&&(96,*! 69! ,'H*! <('! ,C*! ,'3-9&(',! *kH6&4*-,! 8'(H&! (<! 6-;H9,'6*9.! K*'43-!

43-H<3+,H'6-8! J39! <(H-;! ,(! *]&*'6*-+*! 3! 9HD9,3-,63I! ;*8'**! (<! 6-,*'%6-;H9,'E! *],*'-3I6,6*9!

J6,C6-! -3,6(-3I! 6-;H9,'63I! +IH9,*'9X! 39! J*II! 39! ,(! D*! 3!43)('! '*+*65*'! (<! 6-,*'-3,6(-3I! 6-,'3%

6-;H9,'E!9&6II(5*'9!<'(4!(,C*'!UH'(&*3-!+(H-,'6*9.!!

V(J*5*'X! *],*'-3I! *+(-(46*9!(<! 9+3I*!:! '*83';I*99!(<! 9(H'+*!:!3'*!+(-96;*'3DIE! I*99!

&'*53I*-,! ,C3-!3'*! 6-,*'-3I!*+(-(46*9!(<!9+3I*!3'696-8!<'(4!6-+'*396-8!'*,H'-9!3,! ,C*!I*5*I!(<!

,C*! -3,6(-3I! 6-;H9,'E! ('! <6'4.! BC69! 9H88*9,9! ,C3,! &(96,65*! *],*'-3I6,6*9! 3'*X! ,CH9X! I646,*;! 6-!

'*3+C!6-!3!8*(8'3&C6+3I!39!J*II!39!,*+C-(I(86+3I!9*-9*.!!

BC*!*56;*-+*!(-!D(,C!6-,*'-3I!3-;!*],*'-3I!*+(-(46*9!(<!9+3I*!9H&&(',9!,C*!56*J!,C3,!

,C*'*!3'*!968-6<6+3-,!;6<<*'*-+*9!3+'(99!6-;H9,'6*9!3-;!6-;H9,'63I!+IH9,*'9!'*83';6-8!,C*!I*5*I!3,!

JC6+C!*+(-(46*9!(<!9+3I*!3'*!&'*9*-,l!,C*6'!438-6,H;*l!3-;!,C*!9(H'+*!(<!*+(-(46*9!(<!9+3I*.!

?-!8*-*'3IX!,C*!9&I6,,6-8!(<!6-;H9,'6*9!6-,(!8'(H&9!:!6-;H9,'63I!+IH9,*'9!:!3++(';6-8!,(!I6-738*9!

3-;! ,*+C-(I(8EX! 9**49!39!3!&'(4696-8!3&&'(3+CX! 6-! ,C*!9*-9*! ,C3,! 6,!3II(J9!<('!4('*! 6-968C,!

6-,(!,C*!&'*53I*-+*!:!3-;!-3,H'*!:!(<!*],*'-3I6,6*9!3-;!*+(-(46*9!(<!9+3I*.!
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W3',*I943-X!U.! f.X!F.! f.!G3D3II*'(X!3-;!F.!d.!bE(-9! >/[[ZAX!sGH9,(4*'%!3-;!9H&&I6*'%;'65*-!

*],*'-3I6,6*9tX!:-%&)('#+4(*#*-)(+7%J)%D!1ZX!/0Ng%/01Z.!
W39HX! ".! 3-;! f.! K.! $*'-3I;! >/[[gAX! sT'*! 3&&3'*-,! &'(;H+,65*! 9&6II(5*'9! 3! <684*-,! (<!

9&*+6<6+3,6(-!*''('jtX!W*H&#'A+*F+<*#%$'&K+4(*#*-)(.!PMX!/Mg%/11.!
W*-3''(+CX! @.! >/[[NAX! sF*,H'-9! ,(! 9+3I*! 6-! G3-3;63-! @3-H<3+,H'6-8c! T-! 6-,*'&'(56-+63I!

+(4&3'69(-tX!3'#'B)'#+W*H&#'A+*F+4(*#*-)(.!P0X!/01P%//0P.!
G3D3II*'(X! F.! f.! 3-;! F.! d.! bE(-9! >/[[0AX! s?-,*'-3I! 5*'9H9! *],*'-3I! *+(-(46*9! 6-! UH'(&*3-!

6-;H9,'EtX!4H&*C%'#+4(*#*-)(+7%J)%D!PZX!10g%1P0.!
G3D3II*'(X!F.!f.!3-;!F.!d.!bE(-9!>/[[/AX!sU],*'-3I!*<<*+,9!3-;!UH'(&*_9!6-,*8'3,6(-tX!6-!b.!T.!

^6-,*'9!3-;!T.!f.!y*-3DI*9!>*;9.AX+4H&*C%'#+)#$%E&'$)*#Y+$&'B%+'#B+)#BH.$&K!>GUaFAX!
G34D'6;8*!R-65*'96,E!a'*99X!G34D'6;8*.!

G3D3II*'(X!F.!f.!3-;!F.!d.!bE(-9!>/[[LAX!sU],*'-3I!*<<*+,9! 6-!R.".!&'(+E+I6+3I!&'(;H+,656,EtX!
W*H&#'A+*F+<*#%$'&K+4(*#*-)(.!L[X!L0[%LLg.!

K'6I6+C*9X!r.!>/[[/AX!sG(44*-,9!(-!,C*!G3D3II*'(%bE(-9!&3&*'tX!H-&HDI69C*;!43-H9+'6&,.!
K'6I6+C*9X! r.! 3-;! y.! F6-89,3;! >/[N/AX+ 4(*#*-)%.+ *F+ .('A%+ '#B+ $,%+ F*&-+ *F+ $,%+ C&*BH($)*#++

FH#($)*#Y+ :#+ %(*#*-%$&)(+ .$HBK+ *F+ 5*&D%E)'#+ -'#HF'($H&)#E+ %.$'NA).,-%#$+ B'$'X!
#(',C%V(II3-;X!T49,*';34!3-;!b(-;(-.!

dI*,,*X! B.! f.! >/[[[AX! sU9,643,6-8! &'6+*%+(9,! 43'86-9! 3-;! 9+3I*! *+(-(46*9! <'(4! 3! &3-*I! (<!
46+'(;3,3tX!W*H&#'A+*F+"#BH.$&)'A+4(*#*-)(.!ZNX!Zg/%ZNM.!!

b)H-8X!K.!3-;!K.!W(]!>/[N[AX!sQ-!4*39H'*!(<!I3+7!(<!<6,!6-!,64*!9*'6*9!4(;*I9tX!G)*-%$&)S'+
MMX!LMg%N0.!

@6;*I<3',%d-3'567X! d.! V.! 3-;! $.! ",**-! >/[[[AX! t"*I<%'*6-<('+6-8! T88I(4*'3,6(-9j! T-!
U4&6'6+3I!?-;H9,'E!",H;Et!0('#B)#'J)'#+W*H&#'A+*F+4(*#*-)(.X!/0/X!g/g%PL.!
@6;*I<3',%d-3'567X!d.!V.X!V.!K.!Q5*'43-X!".! f.!F*;;6-8X! 3-;!T.! f.!y*-3DI*9! >L000AX! sBC*!

I(+3,6(-!(<!UH'(&*3-!6-;H9,'EtX!S69+H996(-!&3&*'!-(.!/ZLX!UH'(&*3-!G(446996(-X!SK!
<('!U+(-(46+!3-;!$6-3-+63I!3<<36'9X!T&'6I!L000.!

@(C-*-!a.X!>/[[1AX!s?-,*'-3,6(-3I!FmS!9&6II(5*'9!3-;!*+(-(46+!8'(J,CtX!464*(!R-65*'96,z!!
;H!{H*D*+!|!@(-,'*3I.!

a'3,,*-X! G.! >/[11AX! sT! 9H'5*E! (<! ,C*! *+(-(46*9! (<! 9+3I*tX! 6-!G(446996(-! (<! ,C*!UH'(&*3-!
G(44H-6,6*9c!F*9*3'+C!(-!,C*!s+(9,!(<!-(-%UH'(&*tX!5(I.!Lc!",H;6*9!(-!,C*!*+(-(46+9!
(<!6-,*8'3,6(-.!
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!
BC*!;3,3!9*,!H9*9!3--H3I!;3,3!<('! ,C*!&*'6(;!/[N0!%!/[[g!<'(4!,C*!QUGS!"BT#!>",'H+,H'3I!
T-3IE969!S3,3D39*A!3-;!QUGS!?"SW!>?-,*'-3,6(-3I!"*+,('3I!S3,3D39*A!;3,3D39*9.!!

!
K'(J,C! 6-!(H,&H,X! I3D(H'X!+3&6,3IX! 3-;!43,*'63I9!J39!+3I+HI3,*;!H96-8!8'(99!53IH*!(<!(H,&H,X!
*4&I(E4*-,!>6-+IH;6-8!-H4D*'!(<!*4&I(E**9!39!J*II!39!9*I<%*4&I(E*;X!(J-*'!&'(&'6*,('9!3-;!
H-&36;!<346IE!J('7*'9AX!8'(99!<6]*;!+3&6,3I!<('43,6(-X!3-;!8'(99!53IH*!(<!(H,&H,!46-H9!53IH*!
3;;*;!39!3!4*39H'*! <('!43,*'63I9.!@*39H'6-8!8'(J,CX!;*<I3,*;!53IH*9!J*'*!H9*;! ,C'(H8C(H,.!!!
BC*!+(H-,'E!3-;!6-;H9,'E!9&*+6<6+!;*<I3,('9!H9*;!J*'*!,C*!64&I6*;!&'6+*!6-;*]!6-!,C*!;3,3!9*'6*9!
:!;*'65*;!H96-8!53IH*!3;;*;!6-!+H''*-,!&'6+*9!3-;!53IH*!3;;*;!3,!<6]*;!&'6+*9.!
!
G(9,!9C3'*9!-*+*993'E!,(!+(-9,'H+,!,C*!6-&H,!388'*83,*!J*'*!+3I+HI3,*;!3&&IE6-8!,C*!B('-kH69,!
3&&'(]643,6(-!,(!,C*!+(-,6-H(H9!,64*!S656963!6-;*].!B(!+(4&H,*!+(9,!9C3'*9X!J*!H9*;!-(46-3I!
53IH*9!(<!I3D(H'!+(4&*-93,6(-!>JC6+C!6-+IH;*!J38*9!39!J*II!39!,C*!+(9,9!(<!9H&&I*4*-,9!9H+C!
39! *4&I(E*'_9! +(4&HI9('E! &*-96(-! ('! 4*;6+3I! &3E4*-,9AX! 43,*'63I9! >8'(99! 53IH*! (<! (H,&H,!
46-H9! 53IH*! 3;;*;AX! 3-;! +3&6,3I! 9*'56+*9.! #*+*993'E! <('! ,C*! +(9,! 9C3'*! (<! +3&6,3I! ,(! D*!
+3I+HI3,*;! 69! 3-! *9,643,6(-! (<! +3&6,3I! 9*'56+*9.! B(! *9,643,*! +3&6,3I! 9*'56+*9X! J*! 3;(&,*;! 3!
4*,C(;!9646I3'!,(!,C*!(-*!9H88*9,*;!DE!K'6I6+C*9!3-;!F6-89,3;!>/[N/A!3-;!dI*,,*!>/[[[AX!DH,!
JC*'*! '*-,3I! +(9,! (<! +3&6,3I! 69! -(,! 6-+IH;*;.! ! ?-! (H'! ;3,39*,X! +(9,9! '*I3,*;! ,(! ,C*! '*-,6-8! (<!
&CE96+3I!+3&6,3I!3'*!6-+IH;*;!6-!,C*!6-,*'4*;63,*!388'*83,*.!!
!
?-;H9,'63I!6-;H9,'6*9!3-;!?-;H9,'E!8'(H&9!:!;*<6-6-8!6-;H9,'63I!+IH9,*'9!
! ?"?G!'*5.L!+(;*! ?-;H9,'63I!9*+,('!;*9+'6&,6(-!

PL/! B*],6I*9!
PLL! ^*3'6-8!3&&3'*I!
PLP! b*3,C*'!3-;!I*3,C*'!&'(;H+,9!
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9!

PLZ! $((,J*3'!
P1L! #(-%*I*+,'6+3I!43+C6-*'E!
P1PL! F3;6(X!By!3-;!+(44H-6+3,6(-!*kH6&4*-,!
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-6
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P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+!

P1Z/! "C6&DH6I;6-8!3-;!'*&36'6-8!
P1ZL! F36I'(3;!*kH6&4*-,!
P1ZP! @(,('!5*C6+I*9!
P1ZZ! @(,('+E+I*9!3-;!D6+E+I*9!
P1Zg! T6'+'3<,!B'
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9&
('
,!

P1Z[! B'3-9&(',!*kH6&4*-,!-(,!*I9*!9&*+6<6*;!
P1L! #(-%*I*+,'6+3I!43+C6-*'E!
P1PL! F3;6(X!By!3-;!+(44H-6+3,6(-!*kH6&4*-,!
P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+!
P1Zg! T6'+'3<,!V
68
C!
B*
+C
!

P1g! a'(<*996(-3I!8((;9!
!
G3&6,3I!9*'56+*9!3'*!865*-!DE! ( ) )))P PP?

)
δρ += X!JC*'*! ρ !69!,C*!'*3I!'3,*!(<!'*,H'-X!3-;!69!9*,!

,(!D*!0.0N!,(!3&&'(]643,*!,C*!35*'38*!'*3I!'3,*!(<!'*,H'-!,(!&CE96+3I!+3&6,3I!6-!43-H<3+,H'6-8l!
)δ ! 69!,C*!+(H-,'E!3-;!6-;H9,'E!9&*+6<6+!;*&'*+63,6(-!'3,*X!+3I+HI3,*;!<('!*3+C!6-;H9,'63I!9*+,('!
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6-!*3+C!+(H-,'E!<'(4!,C*!865*-!35*'38*!9*'56+*!I6<*!(<!+3&6,3I!6-!?"SWl!3-;!P !69!,C*!'*3I!53IH*!
(<!,C*!*9,643,*;!+3&6,3I!9,(+7.!
!
B(!3++(44(;3,*!+(H-,'E!9&*+6<6+!DH96-*99!+E+I*9X!J*!H9*;c!
>6A! "*'6*9!<('!KSa!<('!*3+C!+(H-,'E!>9(H'+*c!?-,*'-3,6(-3I!$6-3-+63I!",3,69,6+9Al!
>66A! F*3I! *]+C3-8*! '3,*9! (<! I(+3I! +H''*-+E! '*I3,65*! ,(! R"! ;(II3'9! >9(H'+*c! ?-,*'-3,6(-3I!

$6-3-+63I!",3,69,6+9Al!
>666A! KSa! ,'*-;9l! *9,643,*;! H96-8! V(;'6+7%a'*9+(,,! <6I,*'! (-! kH3',*'IE! ;3,3! J6,C! I34D;3!

/00.!
T9! 3! '*9HI,! (<! ,C*! I6-*3'6,E! (<! ,C*! *9,643,*;! ,'*-;9! 6-! >666AX! 3;;6,6(-3I! ,'*-;9!J*'*! ;'(&&*;.!
T4(-8! ,C*! (,C*'! +(H-,'E! 9&*+6<6+! 53'63DI*9! J*! *]&*'64*-,*;! J6,C! :! DH,! '*)*+,*;! ;H*! ,(!
6-968-6<6+3-,!64&3+,!:!J*'*!-3,6(-3I!9,(+7!43'7*,!6-;6+*9.!

!
B(!3++(44(;3,*!9*+,('!9&*+6<6+!DH96-*99!+E+I*9X!3!'3-8*!(<!;6<<*'*-,!53'63DI*9!J*'*!H9*;c!
?-!3;;6,6(-!,(!,C*!53'63DI*9!I69,*;!D*I(JX!3!'3-8*!(<!(,C*'!53'63DI*9!J*'*!,*9,*;X!DH,!'*)*+,*;.!
T4(-8! ,C*9*! J*'*! 9,(+7! 43'7*,! 6-;H9,'E! 6-;6+*9.! ?-! (';*'! ,(! ;69,6-8H69C! D*,J**-! ,C*!
*]+C3-8*!'3,*!*<<*+,!3-;!,C*!*<<*+,!(<!,C*!&'6+*!+C3-8*9X!3II!,C*!*4&I(E*;!53'63DI*9!J*'*!<6'9,!
+(-5*',*;!6-,(!-3,6(-3I!+H''*-+6*9!3-;!,C*-!H9*;!(-!;6<<*'*-+*!<('4.!BC*!53'63DI*9!J*'*c!
!
L0>84;9234! W6926?73! "/89.3!
B*],6I*9!>PL/A!3-;!
^*3'6-8!3&&3'*I!>PLLA!

G(,,(-!b65*'&((I!?-;*]! ?$"!

b*3,C*'!>PLPA!3-;!$((,J*3'!>PLZA! V6;*9!R.".!GC6+38(! ?$"!
G(&&*'!R.d.! ?$"!@3+C6-*'E!m!*I*+,'(-6+9!3-;!

V68C%,*+C!6-;H9,'6*9! B6-!3II!('686-9!! ?$"!
B'3-9&(',!6-;H9,'6*9! W'*-,!WI*-;!+'H;*!(6I! U+(-J6-!

! @*,3I!6-;*]! U+(-J6-!
!



!

LP!

B3DI*!/3c!?-,*'-3I!*+(-(46*9!(<!9+3I*!>γAc!B*],6I*9!m!I*3,C*'!
! ! K*'43-E! $'3-+*! ?,3IE! Rd!
PL/! B*],6I*9! /.PNN!eee}! /.L/Z!eee}! /.0MM!e! /.LZ0!eee}!
! ! >0.0MPA! ! >0.0gNA! ! >0.0ZZA! ! >0.0g1A! !
PLL! ^*3'6-8!3&&3'*I! /.0/g!! /.LMN!eee}! /.0/[!! 0.[P1!!
! ! >0.0M0A! ! >0.0[LA! ! >0.0PPA! ! >0.0NZA! !
PLP! b*3,C*'!m!&'(;H+,9! /.01/!ee! /.LPP!eee}! 0.[MN!ee! /./LP!ee}!
! ! >0.0ZPA! ! >0.0g0A! ! >0.0/gA! ! >0.0Z[A! !
PLZ! $((,J*3'! /.00L!! /.P0L!eee}! /.00/!! /.LZN!ee}!
! ! >0.0MNA! ! >0.01[A! ! >0.0ZgA! ! >0./0NA! !
#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!'*<*''6-8!,(!,J(!96;*;!,*9,! /≠γ .!
}6-;6+3,*9!6-+'*396-8!'*,H'-9!,(!9+3I*!>γ >/A!3,!3![N.gx!968-6<6+3-+*!I*5*I!!
!
!
B3DI*!/Dc!?-,*'-3I!*+(-(46*9!(<!9+3I*!>γAc!@3+C6-*'E!m!UI*+,'(-6+9!
! ! K*'43-E! $'3-+*! ?,3IE! Rd!
P1L! #(-%*I*+,'6+3I!43+C6-*'E! /.PMM!eee}! /.01M!! 0.[PZ!ee! /.LZM!ee!
! ! >0.01ZA! ! >0./0ZA! ! >0.0LgA! ! >0.//ZA! !
P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! 0.M0[!eee! /.Lg0!ee}! 0.M[Z!eee! /.011!ee!
! ! >0.0gZA! ! >0.0[MA! ! >0.0gLA! ! >0.0ZPA! !
P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0.1[g!! 0.[PZ!! 0.[NN!! /.00/!!
! ! >0.0NMA! ! >0.0MLA! ! >0.0P[A! ! >0.0N0A! !
#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!'*<*''6-8!,(!,J(!96;*;!,*9,! /≠γ .!
}6-;6+3,*9!6-+'*396-8!'*,H'-9!,(!9+3I*!>γ >/A!3,!3![N.gx!968-6<6+3-+*!I*5*I!!
!
!
B3DI*!/+c!?-,*'-3I!*+(-(46*9!(<!9+3I*!>γAc!B'3-9&(',!*kH6&4*-,!
! ! K*'43-E! $'3-+*! ?,3IE! Rd!
P1Z/! "C6&DH6I;6-8!m!'*&36'6-8! 0.[[g!! /.gL1!eee}! /.P0M!eee}! /.[0N!eee}!
! ! >0.0[ZA! ! >0./L1A! ! >0.0LMA! ! >0.01NA! !
P1ZL! F36I'(3;!*kH6&4*-,! /.PN[!ee}! /.P/Z!ee}! /.L[1!eee}! ! !
! ! >0./ZNA! ! >0./Z/A! ! >0./0/A! ! ! !
P1ZP! @(,('!5*C6+I*9! /.LZN!eee}! /.LL/!ee}! 0.[N1!! /./MN!eee}!
! ! >0.0NZA! ! >0.01[A! ! >0.0P1A! ! >0.0LLA! !
P1ZZ! @(,('+E+I*9!m!D6+E+I*9! 0.[Mg!! /./gP!e! /./LM!eee}! /.PPP!ee}!
! ! >0.0LNA! ! >0./0gA! ! >0.0P0A! ! >0./LZA! !
P1Zg! T6'+'3<,! /.0L[!! /.g0M!eee}! /./LM!eee}! /.0Z0!!
! ! >0.L0NA! ! >0.0[NA! ! >0.0PLA! ! >0.0ZZA! !
P1Z[! B'3-9&(',!*kH6&4*-,X!-*+.! 0.NNZ!eee! ! ! /.//[!ee! /./1M!e!
! ! >0.0MPA! ! ! ! >0.0M/A! ! >0./0PA! !
#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!'*<*''6-8!,(!,J(!96;*;!,*9,! /≠γ .!
}6-;6+3,*9!6-+'*396-8!'*,H'-9!,(!9+3I*!>γ >/A!3,!3![N.gx!968-6<6+3-+*!I*5*I!!



!

LZ!

!
B3DI*!/;c!?-,*'-3I!*+(-(46*9!(<!9+3I*!>γAc!V68C%,*+C!6-;H9,'6*9!
! ! K*'43-E! $'3-+*! ?,3IE! Rd!
P1L! #(-%*I*+,'6+3I!43+C6-*'E! /.PM[!eee}! /./NN!ee! 0.[0/!eee! /./1g!eee}!
! ! >0.01NA! ! >0.01NA! ! >0.0LMA! ! >0.0gPA! !
P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! 0.g11!eee! /.L/g!ee}! 0.NL/!eee! /.0gg!e!
! ! >0.0Z[A! ! >0.01LA! ! >0.0ZNA! ! >0.0PNA! !
P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0.1[L!e! /.00[!! 0.[NZ!! 0.[[0!!
! ! >0.0M1A! ! >0.0gZA! ! >0.0P1A! ! >0.0M/A! !
P1Zg! T6'+'3<,! 0.[0N!! /.LNg!ee! /.LLg!eee}! /.0MM!!
! ! >0./P/A! ! >0./Z/A! ! >0.0ZMA! ! >0.0gLA! !
P1g! a'(<*996(-3I!8((;9! /./PZ!! 0.1[1!! 0.1LP!eee! /./g1!ee}!
! ! >0./ZgA! ! >0.LM0A! ! >0.0Z0A! ! >0.0M1A! !
#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!'*<*''6-8!,(!,J(!96;*;!,*9,! /≠γ .!
}6-;6+3,*9!6-+'*396-8!'*,H'-9!,(!9+3I*!>γ >/A!3,!3![N.gx!968-6<6+3-+*!I*5*I!!
!
!
!



!

Lg!

B3DI*!L3c!U],*'-3I!*+(-(46*9!(<!9+3I*!>β1Al!J6,C6-!+(H-,'E!3-;!+IH9,*'c!B*],6I*9!m!I*3,C*'!
! ! K*'43-E! $'3-+*! ?,3IE! Rd!
PL/! B*],6I*9! %0.0ZP!! 0.0NM!ee! 0.00/!! %0.LgZ!eee!
! ! >0.0gLA! ! >0.0P/A! ! >0.0P1A! ! >0.0M/A! !
PLL! ^*3'6-8!3&&3'*I! 0.0[P!ee! %0.0[L!! 0.0[L!e! %0.0M[!!
! ! >0.0g0A! ! >0.01ZA! ! >0.0gPA! ! >0.0M[A! !
PLP! b*3,C*'!m!&'(;H+,9! %0./0M!! 0.01Z!! 0.01Z!ee! %0./1L!ee!
! ! >0.01[A! ! >0.01gA! ! >0.0Z/A! ! >0.010A! !
PLZ! $((,J*3'! 0.00[!! 0.0Z0!! %0.0L[!! %0.Z01!eee!
! ! >0.0NNA! ! >0.01LA! ! >0.0g[A! ! >0./PPA! !
#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!,J(!96;*;!,*9,.!
!
!
B3DI*! LDc! U],*'-3I! *+(-(46*9! (<! 9+3I*! >β1Al! J6,C6-! +(H-,'E! 3-;! +IH9,*'c! @3+C6-*'E! m!
*I*+,'(-6+9!
! ! K*'43-E! $'3-+*! ?,3IE! Rd!
P1L! #(-%*I*+,'6+3I!43+C6-*'E! %0./LN!! %0.0P/!! %0.0g/!! %0.0PP!!
! ! >0./L1A! ! >0.//MA! ! >0.0ZMA! ! >0./LLA! !
P1PL! F3;6(X!By!m!+(44H-6+3,6(-! 0.0MP!! 0./LL!e! 0./LZ!! %0.0LP!!
! ! >0.0g[A! ! >0.0NPA! ! >0./LNA! ! >0.0Z0A! !
P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0./N0!ee! 0.P0[!ee! %0.0/0!! 0.0ZM!!
! ! >0.0N/A! ! >0./LZA! ! >0.0P[A! ! >0.0MPA! !
#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!,J(!96;*;!,*9,.!
!
!
B3DI*!L+c!U],*'-3I!*+(-(46*9!(<!9+3I*!>β1Al!J6,C6-!+(H-,'E!3-;!+IH9,*'c!B'3-9&(',!*kH6&4*-,!
! ! K*'43-E! $'3-+*! ?,3IE! Rd!
P1Z/! "C6&DH6I;6-8!m!'*&36'6-8! %0./gP!! %0./Mg!! %0.PNM!eee! %0.0[0!!
! ! >0./gMA! ! >0.PNLA! ! >0.//gA! ! >0.01NA! !
P1ZL! F36I'(3;!*kH6&4*-,! 0.gL/!ee! 0./gL!! %0.LL0!! ! !
! ! >0.Lg0A! ! >0.LNZA! ! >0.PLLA! ! ! !
P1ZP! @(,('!5*C6+I*9! 0.0LP!! %0.0Z1!e! %0.0/Z!! 0.0Pg!ee!
! ! >0.0PMA! ! >0.0P/A! ! >0.0/1A! ! >0.0/gA! !
P1ZZ! @(,('+E+I*9!m!D6+E+I*9! %0.0/[!! %0.Lg0!e! %0./PN!e! %0.NMN!ee!
! ! >0.0MgA! ! >0./MZA! ! >0.01[A! ! >0.P0[A! !
P1Zg! T6'+'3<,! 0./[L!! %0.L11!e! %0.PMP!eee! %0./01!!
! ! >0./NPA! ! >0./[0A! ! >0.0NgA! ! >0.0NNA! !
P1Z[! B'3-9&(',!*kH6&4*-,X!-*+.! 0.Z[N!eee! ! ! %0.P[N!eee! 0.0/g!!
! ! >0.//PA! ! ! ! >0.///A! ! >0.LPLA! !
#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!,J(!96;*;!,*9,.!
!
!



!

LM!

B3DI*!L;c!U],*'-3I!*+(-(46*9!(<!9+3I*!>β1Al!J6,C6-!+(H-,'E!3-;!+IH9,*'c!V68C%,*+C!6-;H9,'6*9!
! ! K*'43-E! $'3-+*! ?,3IE! Rd!
P1L! #(-%*I*+,'6+3I!43+C6-*'E! %0./L1!! %0./gZ!ee! %0./MM!ee! 0.0L1!!
! ! >0./LMA! ! >0.0M[A! ! >0.0MLA! ! >0.0ZZA! !
P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! 0.0Z[!! 0.//Z!e! 0.L/P!e! 0.0/g!!
! ! >0.0g1A! ! >0.0MMA! ! >0./Z[A! ! >0.0PgA! !
P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0./[[!eee! 0.0MN!! %0.0P[!! 0.0NP!!
! ! >0.0MPA! ! >0.0[NA! ! >0.0gZA! ! >0.0g1A! !
P1Zg! T6'+'3<,! 0.Mg0!eee! %0.gPg!e! 0.M[[!eee! 0.0Z/!!
! ! >0./[ZA! ! >0.PgLA! ! >0./ZMA! ! >0./PgA! !
P1g! a'(<*996(-3I!8((;9! 0.M00!eee! %0.PM/!e! %0.0ZP!! %0./ZM!ee!
! ! >0./M1A! ! >0./[[A! ! >0.0NgA! ! >0.0NPA! !
#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!,J(!96;*;!,*9,.!
!
!
!

!

)6?73!O3K!T!9H443'E!(<!,C*!*],*'-3I!*+(-(46*9!(<!9+3I*!'*9HI,9!J6,C6-!+(H-,'E!3-;!6-;H9,'63I!
+IH9,*'!>D39*;!(-!,3DI*9!L3%L;A!

!

B(,3I!-H4D*'!(<!

/β `9!
!
!
!

B(,3I!-H4D*'!(<!

/β ! n0!
!
!
!

B(,3I!-H4D*'!(<!

/β n0!
968-6<6+3-,!!
(-!3!gx!I*5*I!

!

B(,3I!-H4D*'!(<!

/β o0!
968-6<6+3-,!!
(-!3!gx!I*5*I!

!
B*],6I*9!m!I*3,C*'! /M! gM!x! /[!x! /[!x!
@3+C6-*'E!m!*I*+,'(-6+9! /L! g0!x! /N!x! 0!x!
B'3-9&(',!*kH6&4*-,! LZ! P1!x! /P!x! /N!x!
V68C%,*+C! L0! Mg!x! L0!x! /g!x!
!
B(,3I!3II!Z!+IH9,*'9! NL! g/!x! /N!x! /Z!x!
!

!



!

LN!

B3DI*!P3c!U],*'-3I!*+(-(46*9!(<!9+3I*!>β2Al!6-,'3%6-;H9,'E!+'(99%+(H-,'Ec!B*],6I*9!m!I*3,C*'!
! ! ! K*'43-E! $'3-+*! ?,3IE! R.d.!
K*'43-E! PL/! B*],6I*9! ! ! %0.0L[!! 0.001!! %0.0ZZ!!

! ! ! ! ! >0.0P1A! ! >0.0P1A! ! >0.0g[A! !
!PLL! ^*3'6-8!3&&3'*I! ! ! %0.0P1!! 0./L1!ee! %0./LM!ee!
! ! ! ! ! >0.0N/A! ! >0.0N0A! ! >0.0M/A!!
!PLP! b*3,C*'!m!&'(;H+,9! ! ! 0./g1!eee! 0.0NZ!eee! 0.0M/!!
! ! ! ! ! >0.0ZLA! ! >0.0L1A! ! >0.0g[A! !
!PLZ! $((,J*3'! ! ! %0.0Lg!! %0.L/N!eee! %0./M1!ee!
! ! ! ! ! >0.0N0A! ! >0.0gZA! ! >0.011A! !
! ! ! ! ! ! ! ! ! ! !

$'3-+*! PL/! B*],6I*9! 0.0LM!! ! ! %0.0/P!! 0.0Z/!!
! ! ! >0.0L1A! ! ! ! >0.0P[A! ! >0.0ggA! !
!PLL! ^*3'6-8!3&&3'*I! 0.0LM!! ! ! %0.0LL!! 0.0[1!ee!
! ! ! >0.0LPA! ! ! ! >0.0gLA! ! >0.0ZLA! !
!PLP! b*3,C*'!m!&'(;H+,9! 0.0[Z!eee! ! ! %0.0M/!eee! 0.0P/!!
! ! ! >0.0P/A! ! ! ! >0.0/[A! ! >0.0ZMA! !
!PLZ! $((,J*3'! %0.0gN!! ! ! 0.0/Z!! 0.010!!
! ! ! >0.0ZZA! ! ! ! >0.0Z[A! ! >0.0N[A! !
! ! ! ! ! ! ! ! ! ! !

?,3IE! PL/! B*],6I*9! %0./0g!eee! %0.0LN!! ! ! %0.0/0!!
! ! ! >0.0P/A! ! >0.0PNA! ! ! ! >0.0Z[A! !
!PLL! ^*3'6-8!3&&3'*I! %0.0/[!! %0.0L/!! ! ! 0.00L!!
! ! ! >0.0/MA! ! >0.0PgA! ! ! ! >0.0LMA! !
!PLP! b*3,C*'!m!&'(;H+,9! %0.0/[!! %0.0P/!e! ! ! %0.0g1!ee!
! ! ! >0.0L0A! ! >0.0LLA! ! ! ! >0.0P/A! !
!PLZ! $((,J*3'! %0.00g!! 0.0ZP!! ! ! %0.0PM!!
! ! ! >0.0PZA! ! >0.0Z1A! ! ! ! >0.0MNA! !
! ! ! ! ! ! ! ! ! ! !

R.d.! PL/! B*],6I*9! 0.0PP!ee! %0.0gL!ee! %0.0Pg!e! ! !
! ! ! >0.0/NA! ! >0.0LLA! ! >0.0LZA! ! ! !
!PLL! ^*3'6-8!3&&3'*I! 0.000!eee! %0./LP!eee! %0.0/[!! ! !
! ! ! >0.000A! ! >0.0ZNA! ! >0.0ZZA! ! ! !
!PLP! b*3,C*'!m!&'(;H+,9! %0./L1!ee! 0.0P[!ee! %0.0/g!! ! !
! ! ! >0.0MNA! ! >0.0L/A! ! >0.0/PA! ! ! !
!PLZ! $((,J*3'! %0.0P[!ee! %0.0LP!! %0.0/L!! ! !
! ! ! >0.0/MA! ! >0.0PgA! ! >0.0P0A! ! ! !

#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!,J(!96;*;!,*9,.!
!
!
!
!



!

L1!

B3DI*!PDc!U],*'-3I!*+(-(46*9!(<!9+3I*!>β2Al!6-,'3%6-;H9,'E!+'(99%+(H-,'Ec!@3+C6-*'E!m!UI*+,'(.!
! !! K*'43-E! $'3-+*! ?,3IE! R.d.!
K*'43-E! P1L! #(-%*I*+,'6+3I!43+C6-*'E! ! ! 0.0gg!! %0.//Z!e! 0.00[!!

! ! ! ! ! >0.0gPA! ! >0.0N0A! ! >0.0PNA! !
!P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! ! ! %0.L1M!eee! 0.0L[!! %0./M0!eee!
! ! ! ! ! >0.01PA! ! >0./gLA! ! >0.0Z[A! !
!P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! ! ! %0./L/!e! %0./L0!! 0.0PZ!!
! ! ! ! ! >0.0MgA! ! >0./0/A! ! >0.0M1A! !
! ! ! ! ! ! ! ! ! ! !

$'3-+*! P1L! #(-%*I*+,'6+3I!43+C6-*'E! 0.0ZL!! ! ! %0./L1!e! 0./P0!!
! ! ! >0.0NLA! ! ! ! >0.0N[A! ! >0./0NA! !
!P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! 0.0Mg!! ! ! 0./NN!! %0.001!!
! ! ! >0.0M0A! ! ! ! >0./ZgA! ! >0.0PgA! !
!P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0.0M1!! ! ! %0./LN!e! 0.0P0!!
! ! ! >0.0MPA! ! ! ! >0.0NgA! ! >0.0ggA! !
! ! ! ! ! ! ! ! ! ! !

?,3IE! P1L! #(-%*I*+,'6+3I!43+C6-*'E! %0.00[!! %0.0L0!! ! ! %0.0/P!!
! ! ! >0.0L0A! ! >0.0L0A! ! ! ! >0.0P0A! !
!P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! 0.0ZN!ee! 0.0g/!ee! ! ! 0.0Z/!ee!
! ! ! >0.0LZA! ! >0.0LPA! ! ! ! >0.0/[A! !
!P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0.0[Z!ee! 0.00/!! ! ! %0.0/N!!
! ! ! >0.0Z/A! ! >0.0L1A! ! ! ! >0.0PPA! !
! ! ! ! ! ! ! ! ! ! !

R.d.! P1L! #(-%*I*+,'6+3I!43+C6-*'E! 0.011!ee! 0.0gZ!e! 0./ZN!eee! ! !
! ! ! >0.0PZA! ! >0.0PPA! ! >0.0P1A! ! ! !
!P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! 0.00g!! 0.0L/!! %0.00L!! ! !
! ! ! >0.0PgA! ! >0.0P0A! ! >0.0[PA! ! ! !
!P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0.01P!e! %0.0/g!! %0.0M0!! ! !
! ! ! >0.0g/A! ! >0.0ZLA! ! >0.0N/A! ! ! !

#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!,J(!96;*;!,*9,.!
!
!



!

L[!

B3DI*!P+c!U],*'-3I!*+(-(46*9!(<!9+3I*!>β2Al!6-,'3%6-;H9,'E!+'(99%+(H-,'Ec!B'3-9&(',!*kH6&4*-,!
! !! K*'43-E! $'3-+*! ?,3IE! R.d.!
K*'43-E! P1Z/!"C6&DH6I;6-8!m!'*&36'6-8! ! ! %0.0MZ!! %0./Lg!ee! %0.0MM!!

! ! ! ! ! >0./L/A! ! >0.0gLA! ! >0.0MNA! !
! P1ZL!F36I'(3;!*kH6&4*-,! ! ! %0.0[[!e! 0.0Z/!! ! !
! ! ! ! ! >0.0M0A! ! >0./0MA! ! ! !
! P1ZP!@(,('!5*C6+I*9! ! ! 0.0//!! %0./1P!eee! 0.0Z[!ee!
! ! ! ! ! >0.0g0A! ! >0.0P1A! ! >0.0LPA! !
! P1ZZ!@(,('+E+I*9!m!D6+E+I*9! ! ! 0./PM!eee! %0.0[0!ee! %0.NMg!eee!
! ! ! ! ! >0.0ZMA! ! >0.0PgA! ! >0.L/LA! !
! P1Zg!T6'+'3<,! ! ! %0.0LP!! %0./L/!ee! 0.//g!e!
! ! ! ! ! >0.0MgA! ! >0.0g/A! ! >0.0N0A! !
! P1Z[!B'3-9&(',!*kH6&4*-,X!-*+.! ! ! ! ! %0.0LP!! 0.0L1!!
! ! ! ! ! ! ! >0./PLA! ! >0.0[0A! !
! ! ! ! ! ! ! ! ! ! !

$'3-+*! P1Z/!"C6&DH6I;6-8!m!'*&36'6-8! 0.///!ee! ! ! 0.0g/!e! 0./LP!eee!
! ! ! >0.0ZNA! ! ! ! >0.0P0A! ! >0.0Z0A! !
! P1ZL!F36I'(3;!*kH6&4*-,! %0.0[N!! ! ! 0.0LM!! ! !
! ! ! >0.//NA! ! ! ! >0./ZNA! ! ! !
! P1ZP!@(,('!5*C6+I*9! 0.0gg!! ! ! 0./MM!eee! %0.00P!!
! ! ! >0.0gNA! ! ! ! >0.0PNA! ! >0.0LNA! !
! P1ZZ!@(,('+E+I*9!m!D6+E+I*9! 0./[g!eee! ! ! 0.01L!ee! 0.MZ/!eee!
! ! ! >0.0PMA! ! ! ! >0.0ZgA! ! >0.L0ZA! !
! P1Zg!T6'+'3<,! 0./gN!! ! ! 0.0g0!! %0.0/[!!
! ! ! >0./NgA! ! ! ! >0.0Z[A! ! >0.0ZNA! !
! P1Z[!B'3-9&(',!*kH6&4*-,X!-*+.! %0.0ZP!ee! ! ! 0.0Z[!! 0.0L1!!
! ! ! >0.0LZA! ! ! ! >0.0P1A! ! >0.0[/A! !
! ! ! ! ! ! ! ! ! ! !

?,3IE! P1Z/!"C6&DH6I;6-8!m!'*&36'6-8! %0.00/!! 0.0/P!! !! 0.0LN!e!
! ! ! >0.0LgA! ! >0.0Z0A! ! ! ! >0.0/NA! !
! P1ZL!F36I'(3;!*kH6&4*-,! 0.0P/!! %0.0PP!! !! ! !
! ! ! >0.0PNA! ! >0.0PZA! ! ! ! ! !
! P1ZP!@(,('!5*C6+I*9! %0.001!! %0.0ZM!! !! %0.0LZ!e!
! ! ! >0.0LgA! ! >0.0PNA! ! ! ! >0.0/gA! !
! P1ZZ!@(,('+E+I*9!m!D6+E+I*9! %0.0/g!! %0.0ZM!! !! %0.PgM!eee!
! ! ! >0.0/gA! ! >0.0PMA! ! ! ! >0./0ZA! !
! P1Zg!T6'+'3<,! %0.0/g!! 0.0L1!! !! %0.0ZP!e!
! ! ! >0.0PMA! ! >0.0P[A! ! ! ! >0.0LNA! !
! P1Z[!B'3-9&(',!*kH6&4*-,X!-*+.! 0.0NL!e! ! ! !! %0.0LZ!!
! ! ! >0.0ZLA! ! ! ! ! ! >0./PLA! !
! ! ! ! ! ! ! ! ! ! !

R.d.! P1Z/!"C6&DH6I;6-8!m!'*&36'6-8! %0.0P1!! %0.L1[!ee! 0./[Z!eee! ! !
! ! ! >0.0MMA! ! >0.//1A! ! >0.0g/A! ! ! !
! P1ZL!F36I'(3;!*kH6&4*-,! %0.0MP!! %0.0gZ!! 0.gNM!eee! ! !
! ! ! >0./0gA! ! >0.010A! ! >0./P/A! ! ! !
! P1ZP!@(,('!5*C6+I*9! 0.0MN!ee! 0.00g!! 0./Pg!eee! ! !
! ! ! >0.0PPA! ! >0.0PZA! ! >0.0LMA! ! ! !
! P1ZZ!@(,('+E+I*9!m!D6+E+I*9! 0.0PP!ee! %0.0/M!! 0.0/Z!! ! !
! ! ! >0.0/NA! ! >0.0L[A! ! >0.0L0A! ! ! !
! P1Zg!T6'+'3<,! %0.//Z!ee! %0.0/P!! 0.0/N!! ! !
! ! ! >0.0g1A! ! >0.0g0A! ! >0.0ZLA! ! ! !
! P1Z[!B'3-9&(',!*kH6&4*-,X!-*+.! %0.0ZP!ee! !! 0.0Z[!ee! ! !
! ! ! >0.0LZA! ! ! ! >0.0P1A! ! ! !

#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!,J(!96;*;!,*9,.!



!

P0!

B3DI*!P;c!U],*'-3I!*+(-(46*9!(<!9+3I*!>β2Al!6-,'3%6-;H9,'E!+'(99%+(H-,'Ec!V68C%,*+C!6-;H9,'6*9!
! ! ! K*'43-E! $'3-+*! ?,3IE! R.d.!
K*'43-E! P1L! #(-%*I*+,'6+3I!43+C6-*'E! ! ! 0.010!e! %0./ZN!ee! 0.00P!!

!! ! ! ! >0.0ZgA! ! >0.0M0A! ! >0.0Z0A! !
!P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! ! ! %0.L1L!eee! %0.0Z/!! %0./Z0!ee!
!! ! ! ! >0.0NMA! ! >0./gPA! ! >0.0Z[A! !
!P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! ! ! %0.0g0!! %0./L0!! %0.0L[!!
!! ! ! ! >0.0MNA! ! >0.0[1A! ! >0.0N0A! !
!P1Zg! T6'+'3<,! ! ! 0.P00!eee! %0.0ZL!! 0.0Mg!!
!! ! ! ! >0./0LA! ! >0./0MA! ! >0.0[ZA! !
!P1g! a'(<*996(-3I!8((;9! ! ! 0.00/!! 0.0MN!! 0./g/!ee!
!! ! ! ! >0.011A! ! >0.01gA! ! >0.0MMA! !
!! ! ! ! ! ! ! ! ! !

$'3-+*! P1L! #(-%*I*+,'6+3I!43+C6-*'E! 0.0MM!! ! ! %0.0Zg!! 0./ML!e!
!! ! >0.0MLA! ! ! ! >0.0NgA! ! >0.01[A! !
!P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! 0.0[1!e! ! ! 0./N1!! %0.0P/!!
!! ! >0.0gZA! ! ! ! >0./ZgA! ! >0.0PMA! !
!P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0.0PZ!! ! ! %0.///!e! 0.0/g!!
!! ! >0.0gMA! ! ! ! >0.0N1A! ! >0.0g/A! !
!P1Zg! T6'+'3<,! 0./1Z!ee! ! ! %0.0gM!! %0.00N!!
!! ! >0.010A! ! ! ! >0.0[PA! ! >0.01ZA! !
!P1g! a'(<*996(-3I!8((;9! 0.ZMN!eee! ! ! 0./PL!! 0./0N!!
!! ! >0./01A! ! ! ! >0./P/A! ! >0./0NA! !
!! ! ! ! ! ! ! ! ! !

?,3IE! P1L! #(-%*I*+,'6+3I!43+C6-*'E! %0.0PM!ee! %0.0/1!! ! ! %0.00N!!
!! ! >0.0/NA! ! >0.0/MA! ! ! ! >0.0/[A! !
!P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! 0.0gM!ee! 0.0g1!ee! ! ! 0.0LM!e!
!! ! >0.0LLA! ! >0.0LPA! ! ! ! >0.0/1A! !
!P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0.0MP!e! %0.00/!! ! ! %0.0LM!!
!! ! >0.0PMA! ! >0.0L[A! ! ! ! >0.0PLA! !
!P1Zg! T6'+'3<,! 0.0P0!! 0.0LM!! ! ! %0.0LL!!
!! ! >0.0LgA! ! >0.0PNA! ! ! ! >0.0PNA! !
!P1g! a'(<*996(-3I!8((;9! %0.LPN!eee! 0.0[L!! ! ! 0.0ZM!!
! ! ! >0.0MPA! ! >0.01gA! ! ! ! >0.0ZMA! !
! ! ! ! ! ! ! ! ! ! !

R.d.! P1L! #(-%*I*+,'6+3I!43+C6-*'E! 0./L1!eee! 0.0PN!! 0./ZP!eee! ! !
!! ! >0.0L[A! ! >0.0L1A! ! >0.0PPA! ! ! !
!P1PL! F3;6(X!By!m!+(44H-6+3,6(-!! 0.001!! 0.0PN!! 0.0/L!! ! !
!! ! >0.0PPA! ! >0.0L[A! ! >0.011A! ! ! !
!P1P[! UI*+,'6+3I!3&&3'3,H9X!-*+.! 0.0g[!! 0.0/1!! %0.0PZ!! ! !
!! ! >0.0ZMA! ! >0.0ZPA! ! >0.0NPA! ! ! !
!P1Zg! T6'+'3<,! %0./P/!eee! %0.0MZ!! 0./ZZ!ee! ! !
!! ! >0.0ZZA! ! >0.0M/A! ! >0.0gMA! ! ! !
!P1g! a'(<*996(-3I!8((;9! %0.00Z!! 0.00Z!! %0.0PZ!! ! !
! ! ! >0.0M/A! ! >0.0NgA! ! >0.0ggA! ! ! !

#(,*c!",3-;3';!*''('9!'*&(',*;!6-!D'3+7*,9.!!
e968-6<6+3-+*!I*5*I![0xX!ee968-6<6+3-+*!I*5*I![gxX!eee968-6<6+3-+*!I*5*I![[xX!,J(!96;*;!,*9,.!
!
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)6?73! R3K! T! 9H443'E! (<! ,C*! *],*'-3I! *+(-(46*9! (<! 9+3I*! '*9HI,9! 3+'(99! +(H-,'E! >D39*;! (-!
,3DI*9!P3%P;A!

!

B(,3I!-H4D*'!(<!

Lβ `9!
!
!
!

B(,3I!-H4D*'!(<!

Lβ n0!
!
!
!

B(,3I!-H4D*'!(<!

Lβ n0!
968-6<6+3-,!!
(-!3!gx!I*5*I!

!

B(,3I!-H4D*'!(<!

Lβ o0!
968-6<6+3-,!!
(-!3!gx!I*5*I!

!
B*],6I*9!m!I*3,C*'! Z1! P1!x! /g!x! L/!x!
@3+C6-*'E!m!*I*+,'(-6+9! PM! g1!x! /N!x! M!x!
B'3-9&(',!*kH6&4*-,! MM! gL!x! L/!x! /Z!x!
V68C%,*+C! M0! g1!x! /g!x! /0!x!
!
B(,3I!3II!Z!+IH9,*'9! L/0! g/!x! /1!x! /P!x!
!

!


